The aim of this paper is to discuss reliability issues of a few visual techniques used in stylometry, and to introduce a new method that enhances the explanatory power of visualization with a procedure of validation inspired by advanced statistical methods. A promising way of extending cluster analysis dendrograms with a self-validating procedure involves producing numerous particular "snapshots", or dendrograms produced using different input parameters, and combining them all into the form of a consensus tree.
Multilayer model of written text
As will shortly be demonstrated, even the slightest change in the experiment setup might cause a severe reshaping of the final dendrogram. Without deciding which of the three factors discussed in the previous section -linkage algorithm, distance measure, and the number of words analyzed -is more likely to affect the final shape of a dendrogram, one must admit that the first two are related to the method of clustering, while the third factor is inherently linked to certain linguistic features of analyzed texts.
Endless discussions of how many frequent words or n-grams should be taken into account (e.g., Mosteller and Wallace, 1964; Koppel et al., 2009; Hoover, 2003a; Burrows, 2007; Eder, 2013b; Schöch, 2013, etc.) show rather clearly that there is no universal frequency strata where the authorial fingerprint is hidden. Just the opposite, it seems that the authorial signal is spread throughout the whole frequent and not-so-frequent words spectrum, but at the same time it may become obscured by additional and unpredictable signals, which are considered noise in classical approaches to attribution. In stylometry beyond attribution, however, this "noise" is worth a closer look. Why are some authors misclassified? Which texts are wrongly attributed to a given author, and why are they linked to this very author and not to others? These and similar questions are probably much more interesting than the neverending fine-tuning of the parameters of this or that classification algorithm in order to neutralize the impact of the "noise".
Obviously, the problem is not new. Cross-genre authorship attribution, for one, has always been a major challenge (Kestemont et al., 2012; Schöch, 2013) . Also, there have been a few attempts to extract particular signals hidden in texts: author's nationality (Jockers, In Fig. 8 , a directed consensus network with node coloring according to outdegree is shown. One can easily identify a few hotspots -they represent the "radiating" hubs, or the texts from which the number of outcoming links is the highest. These are: Dorian Gray by Wilde (12 links), Sentimental Journey by Sterne (10), Kim by Kipling (10), Tom Jones by Fielding (9), and Agnes Grey by Anne Brontë (9).
It is easy to explain the behavior of Dorian Gray and Tom Jones, one might say, since these are the only novels by Wilde and Fielding, respectively, included into the corpus.
In the absence of natural nearest neighbors -i.e. other texts written by the same author -the analyzed novels blindly seek any similarities around. On the other hand, however, this does not apply to Wuthering Heights, the only novel Emily Brontë: she turns out to be surprisingly introvert, with her mere 5 outcoming links, while her elder sister sends links to 9 novels by Austen, Eliot, Trollope, Dickens, and Charlotte Brontë. It is also surprising to see the extroversion of Sterne's Sentimental Journey, especially when compared with a very modest behavior of Tristram Shandy.
Since the procedure of linking the nodes is based on classification principles, the existence of radiating hubs betrays the texts likely to be misclassified in a real-case authorship attribution study. A provisional interpretation of this phenomenon is that a given text turns into a radiating hub whenever it lacks in strong authorial signal, or when its authorial voice is overshadowed by other signals: genre, gender, chronology and so forth. Needless to say that the ability of detecting radiating hubs makes this technique a potentially useful addition to authorship attribution toolbox -as a straightforward way to identify unstable samples.
From a literary point of view, however, the incoming links are potentially much more interesting, especially when they happen to form any "absorbing" hubs. Such a hub represents a text pointed out as the nearest neighbor by several other texts from the corpus. Measure of incoming links, or indegree, applied to the corpus of sixty-six English novels is represented in Unlike radiating hubs, the absorbing ones are harder to interpret. In social sciences, physics etc., the hubs are usually considered to betray the most important events/agents/phenomena. In stylistics, however, what they really mean remains largely open to dispute. Jockers's approach to the question of literary influence seems to assume that the hubs indicate the most influential works (Jockers, 2013: 154-168) . Arguably, however, the picture is far more complex here.
The most striking observation is that according to the incoming links, Dickens would have had to live much earlier to have influenced Richardson, Sterne or Swift. Is it the method, ig. 9 Consensus network of sixty-six English novels (directed): the degree of incoming links marked in color.
then, that is wrong, or the interpretation? In the aforementioned study on literary imitation, Jockers filters out all textual similarities that could not have happened due to chronological reasons, before undertaking actual analysis (ibid., 163). However, discarding the backward time links cannot deny the fact that they do appear in the corpus.
It seems reasonable to assume that the absorbing hubs should be interpreted as sources of stylistic influence in a very broad sense, for instance as witnesses of stylistic mood of an entire literary epoch. It is true that these hubs might indeed indicate the most influential texts (copied, paraphrased, sequelled, consciously/unconsciously imitated, and so forth). At the same time, however, they might also reflect texts stylistically "average", typical for their times rather than exceptional. In any case, the absorbing hubs betray texts lacking in a single, distinct stylistic signal.
A slightly oversimplified interpretation of both types of hubs might be as follows.
The absorbing hubs stand for receivers of stylistic appreciation (regardless of their actual stylistic quality), radiating hubs represent emitters of stylistic appreciation (not mere followers, though, since they do not follow a single author).
Conclusions
In the present study, a few reliability issues of explanatory methods used in stylometry were discussed. They include unstable output -because final results highly depend on the setup of the experiment -as well as lack of validation. A promising way of extending cluster analysis dendrograms with a self-validating procedure involved producing numerous particular "snapshots", or dendrograms produced using different input parameters, and combining them all into the form of a consensus tree. This approach, however, inherits some drawbacks of cluster analysis -dependence on a chosen linkage algorithm being the most painful -and introduces a few new pitfalls: granulation of clusters, and cluttered visualization when a corpus becomes large.
Significantly better results were obtained using a new visualization technique, which combines the idea of nearest neighborhood derived from cluster analysis, the idea of hammering out a clustering consensus from bootstrap consensus trees, with the idea of mapping textual similarities into a network. Additionally, network analysis seems to be a good solution for large datasets.
The added value of consensus trees over standard dendrograms is the reliability of the results represented in a plot, the added value of stylometric consensus networks is at least three-fold: the reliability inherited from consensus trees, insight into a more complete picture of textual relations beyond mere nearest neighborhood, and, last but not least, the capability of handling dozens, or even hundreds of text samples in a single plot. The only limitation here seems to be the paper size one wants to use for drawing a literary network. Regardless of the printing issues, however, the aim of this study was to encourage stylometrists to produce a reliable map of literature in its entirety, and to propose a methodological background for such a map.
